Introduction
Epilepsy, which is a common disease in Chinese children, has a prevalence rate of about 2.89%, and the prevalence rate has large regional differences [1] . This disease is characterized by excessive discharge of neurons that result in sudden, repeated, and transient central nervous system dysfunction. Numerous studies have shown that abnormal neuronal discharge is related to a number of factors, such as neurotransmitter abnormalities [2] [3] [4] , ion channel mutations [5] , glial cell dysfunction [6, 7] , synaptic connection dysfunction [8] , heredity, and immunity [9, 10] . Because N-methyl-D-aspartate (NMDA) receptors are excitatory amino acid receptors that are reportedly involved in epileptic seizures, postconvulsion nerve injuries, and cognitive disorders, they have been a common research subject in recent years. The results of previous studies have suggested that high glutamate levels cause synaptic hyperexcitability by activating NMDA receptors, which results in the influx of a large amount of Ca 2+ . The Ca 2+ overloads the neuronal cytoplasm and induces seizures.
Our previous studies have shown that Kangxian (KX) capsules significantly shorten the abnormal discharge time in echoencephalography recordings of epileptic children and rat models, thus reducing seizure frequency, and the underlying mechanisms are not clear [11] . In this study utilized a rat model of abnormal
Results:
The discharge times (6 h: 100.66 AE 36.51 min, 24 h: 134.42 AE 86.43 min) and tau values (6 h: 934.0 AE 564.9 s, 24 h: 846.6 AE 488.0) of the Mg-free group were significantly increased (P < 0.05) compared to the control group. All of the groups had similar levels of NR1 expression. NR2A and NR2B expression was significantly decreased in the Mg-free group and significantly increased most in the MK801 group, which was followed by the KX group (P < 0.01). The free Ca 2+ concentrations in the control group were lower than those in the MK-801 and KX groups, the concentrations of which were significantly lower than those in the Mg-free group and which decreased with time. concentrations. In addition, we investigated its effects on the expression of NMDA receptor subunits, in order to explore the targets and mechanisms of the KX capsules in inhibiting abnormal epileptic discharge.
Methods

Experimental animals
Fifty 1-day-old male and female Sprague-Dawley (SD) rats and 20 2.5-kg rabbits were provided by the Academy of Military Science (Beijing, China). This study was carried out in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. The animal use protocol has been reviewed and approved by the Institutional Animal Care and Use Committee (IACUC) of Tianjin University of Traditional Chinese Medicine.
Experimental drugs and preparation methods
KX-containing cerebrospinal fluid
The 20 rabbits were allowed to adapt to their environment and were fed normally for 3 days. They were then administered KX capsules (batch number: 20120501; ingredients: Acorus gramineus, Arisaema cum Bile, Gastrodia elata Bl., Radix Pseudostellariae, Poria cocos, Pinellia Tuber, Pericarpium Citri, Chinese eaglewood, and Fructus aurantii; 0.3 g crude drug/capsule; usage and dosage: 2-4 capsules once for children under three years, 4-6 capsules once for children within 4-7 years, 4-8 capsules once for children over 8 years, three times a day, or as directed by physicians. Tianjin Shitian Pharmaceutical Co., Ltd., Tianjin, China). In this experiment, we used the dosage of 8 years old children and the human-rabbit conversion ratio is 3.27. After the rabbits were orally administered the capsules for 3 days, 600-800 mL of their cerebrospinal fluid was sampled 1 h after the final dose and cryopreserved at À20 8C until use. The normal (control) group rabbits fed water without drug.
MK801 solution
Five milligrams of MK-801 powder (Sigma-Aldrich Co. LLC, St. Louis, CO, USA) was added to 1.48 mL of dimethyl sulfoxide solution to prepare a solution with a concentration of 10 mmol/L, which was stored À20 8C until use. Before administration, the above solution was diluted with dimethyl sulfoxide to a final concentration of 10 mmol/L.
Primary culture of fetal rat hippocampal neurons
The culture vessels were processed with 0.1 g/L polylysine (Sigma-Aldrich Co. LLC) in advance and then dried naturally according to Sombati and Delorenzo [12] . The 1-day-old newborn SD rats were decapitated in order to sample the brain. Hippocampal neurons were isolated, cut into pieces, and placed into a 10-mL centrifuge tube containing phosphate-buffered saline (PBS) in a mixed ice-water state. The neurons were washed twice with cold (4 8C) PBS, and 1 mL of 0.125% trypsin (Life Technologies, Grand Island, NY, USA) was added for 20 min of digestion at 37 8C with 5% CO 2 . The neurons were diluted with Dulbecco's Modified Eagle's Medium culture medium (Life Technologies) containing 10% fetal bovine serum (Life Technologies), 25 mmol/L glucose, and 2 mmol/ L glutamine (Sigma-Aldrich Co. LLC). The neurons were seeded at a density of 1 Â 10 5 cells/cm 2 in the incubator (5% CO 2 ) and then incubated at 37 8C. Cytarabine (10 À5 mol/L; Sigma-Aldrich Co. LLC) was added on the 5th day to inhibit the growth of glial cells. The cytarabine was replaced with 10% Dulbecco's Modified Eagle's Medium cultured medium 24 h later for a continuous culture. The semi-medium was replaced every 3-4 days. The cultured neurons were then subjected to immunohistochemistry with a neuronspecific enolase antibody ( Fig. 1) , and over 90% of the cells appeared green. The neurons that were cultured in vitro for 12 days were then used in the experiments.
Grouping and treatment
The normal (control) group was treated with normal cerebrospinal fluid and 1 mmol/L MgCl 2 -and (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) (HEPES)-containing physiological salt solution (HBSS), which contained the following components (in mmol/L): NaCl, 145; KCl, 2.5; CaCl 2 , 2; MgCl 2 , 1; HEPES, 10; glucose, 10; glycine, 0.001; pH 7.3, with the osmolarity adjusted with sucrose to 325 mmol/L. The Mg-free group was treated with MgCl 2 -free HBSS. The MK801 group was treated with 10 mmol/L MK-801-containing and Mg-free HBSS. The KX group was treated with KX-containing cerebrospinal fluid and Mg-free HBSS. Except for the normal group, the remaining three groups were cultured with MgCl 2 -free HBSS at 37 8C for 3 h, which was then replaced with MgCl 2 -containing HBSS for another 3 h. The groups were subjected to their treatments and placed in 24-well culture plates and cultured for 6 h or 24 h.
Electrophysiological patch-clamp recordings
After the glass microelectrodes were prepared, the electrodes were filled with intrasolution, and the extracellular fluid was replaced. The cells were clamped at À80 mV and the membranes were ruptured. The series resistance and membrane capacitance were compensated, and the cells were sealed. The resistance was 2-5 MV. The patch-clamp technique was used to record the action potentials at quiescent conditions. The cells were then given 60-s step voltage irritations of different intensities (À60 mV, À40 mV, À20 mV, 0 mV, +20 mV, and +40 mV, respectively). Transient perfusion was performed with NMDA and glutamate-containing perfusate, and the cells were then rinsed with extracellular fluid as was done with the perfusion. NMDA currents visualized during this process were recorded by a MultiClamp 700B amplifier, and the signals were imported into a computer for analysis of the action potentials with Clampfit, version 10.2.
Western blotting
Hippocampal neurons that were isolated from the 1-day-old neonatal SD rats were plated at a density of 7 Â 10 6 neurons in a 10-cm culture dish and then cultured for 12 days before further drug administration. The cells were collected 24 h later, and the proteins were isolated and quantified with the bicinchoninic acid method. The cells were rinsed twice with PBS, and 200 mL of lysate containing 1% phenylmethylsulfonyl fluoride and a protease inhibitor was added to the cells on ice for 30 min for cleavage. The cells were collected in 1.5-mL centrifuge tubes for centrifugation. Five microliters of markers and 15 mg of protein standards were loaded for electrophoresis, electronic transfer, and closure. The NMDAR-1 (1:500; Abcam plc, Cambridge, UK), NMDAR-2A (1:1000; Abcam plc), NMDAR-2B (1:1000; Abcam plc), and actin (1:10,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) primary antibodies were added for overnight incubation at 4 8C. Horseradish peroxidase-labeled goat anti-rabbit (1:5000) secondary antibody was applied the next day and incubated for 1 h on a shaker at room temperature. After the membrane was exposed to film in a darkroom, the film was developed, fixed, and scanned. The ImagePro Plus 6.0 software was used to process the results. Each indicator was repeated three times, and the average gray value was calculated for the final result. 
Statistical analysis
The measurement data were expressed as mean AE standard deviation and analyzed with SPSS19.0 statistical software (IBM Corporation, Armonk, NY, USA). The intergroup comparisons were analyzed with t-tests, and the multisample comparisons were analyzed with one-way analyses of variance. Comparisons between the two groups will be conducted based on the Dunnett's Multiple Comparison Test. P values less than 0.05 were considered significant.
Results
The hippocampal neuronal epilepsy model
After the cells were cultured in Mg-free solution for 3 h, they were cultured for 6 h and 24 h. The whole-cell patch-clamp technique was then used to record the spontaneous action potentials in the normal group and the model group (Mg-free cultured cells). The hippocampal neurons in the Mg-free group exhibited recurrent and spontaneous discharges at a high frequency and PDS waves. The model group exhibited these characteristics at the 2 time points (Fig. 2) .
Discharge conditions of the hippocampal neurons
After treatment for 6 and 24 h, the neuronal discharge times in the Mg-free group were significantly increased compared with the normal group (P < 0.05), and the neuronal discharge times in the MK801 and KX groups were significantly reduced compared with those of the Mg-free group (P < 0.05; Table 1 ).
Changes in the tau value
Each group produced appropriate current values after NMDA was administered. Analyses of the attenuation course can be used to evaluate the recovery situation after excitement. NMDAreceptor channels were recorded in 8 neuronal cells from each experimental group; the slope K of the fast attenuation course was calculated (Fig. 3) , and the reciprocal value of the slope, which is tau (1/K), was used as an indicator to evaluate the channel attenuation course.
The tau values of the hippocampal neurons after 6 and 24 h of treatment in the Mg-free group were significantly higher than those in the normal group (P < 0.01), and the tau values of the MK801 and KX groups (only at 24 h) were significantly reduced compared with those in the Mg-free group (P < 0.01 and P < 0.05, respectively; Table 1 ).
Protein expression of the NMDA receptor subunits
Western blotting was used to determine the levels of expression of the NR1, NR2A, and NR2B NMDA receptor subunits in the hippocampal neurons after treatment for 24 h. The levels of expression of the NR1 NMDA receptor subunit did not differ among the groups. The NR2A and NR2B subunits were expressed at the lowest level in the Mg-free group and at the highest level in the MK801 group, with the KX group exhibiting the next highest level of expression. Statistical analysis showed a significant difference between the MK801 and Mg-free group (P < 0.01), while the KX and Mg-free group did not differ significantly (Fig. 4) .
Ca 2+ imaging and Ca 2+ concentration
The laser confocal technique was used to detect the fluorescence intensity of the hippocampal neurons. The concentration of intracellular Ca 2+ was then calculated from the intensity of the fluorescence with the following formula: ] i in the model group was significantly higher than that in the normal group (P < 0.01), while those in the MK-801 and KX groups (only at 24 h) were significantly lower than that in the model group. In addition, the free [Ca 2+ ] i in the KX group at 24 h was significantly lower than that at 6 h (Fig. 5B, Table 2 ).
Discussion
The pathogenesis of epilepsy is not yet fully understood. A number of studies have suggested that the abnormal discharge of neurons that occurs in seizures is related to many factors, including the imbalance of excitatory and inhibitory neurotransmitters [14] . Fig. 2 . Hippocampal neurons in the normal group, which were normally cultured for 12 days, only exhibited sporadic action potential (A); hippocampal neurons in the model group, which were normally cultured for 12 days, then performed Mg-free induction for 3 h, appeared recurrent spontaneous high-frequency discharging and PDS wave (B, C). Table 1 Discharging times and tau values in excitement attenuation in hippocampal neurons after modeling for 6 h and 24 h.
Group
Discharging times Tau 6 h (n = 6) 24 h (n = 7) 6 h (n = 8) 24 h (n = 8) a Compared with Mg-free group, discharging times at 6 h, P < 0.01. b Compared with Mg-free group, discharging times at 6 h, P < 0.05. c Compared with Mg-free group, discharging times at 24 h, P < 0.01. d Compared with Mg-free group, discharging times at 24 h, P < 0.05.
e Compared with Mg-free group, tau value at 6 h, P < 0.01 f Compared with Mg-free group, tau value at 6 h, P < 0.05. g Compared with Mg-free group, tau value at 24 h, P < 0.01. h Compared with Mg-free group, tau value at 24 h, P < 0.05. Fig. 3 . Currents generated after administrated NMDA, selected and calculated the slope of fast attenuation course, as shown in the selected area.
Glutamate is a major excitatory neurotransmitter, and NMDA receptors are important glutamate receptors. Continual research has shown that the roles of NMDA receptors in epilepsy are critical; they are expected to be new targets in the treatment of epilepsy. NMDA receptors have three different subunits: GluN1, GluN2, and GluN3. Most NMDA receptors are composed of 2 glycine-binding subunits (GluN1) and 2 glutamate-binding subunits (GluN2) or GluN2 and GluN3 [15] . Previous studies have shown that when NMDA subunits are increased, the NMDA-mediated current in the postsynaptic membrane is increased after seizures [16] . The excessive activation of NMDA receptors results in an overload of intracellular Ca
2+
. When mitochondria absorb the excessive Ca 2+ from cytoplasm, the Ca 2+ concentration in mitochondria increases, resulting in dysfunction of the mitochondrial electron transportation chain, which produces a series of oxidative stress mechanisms. These mechanisms might eventually lead to neuronal damage and cell death [17, 18] . The Mg-free culture-induced model of hippocampal neuronal epilepsy, which is an important model in current epilepsy research, is based on the theory described above, and Mg-free culture is used to cause spontaneous recurrent epileptic discharge in neurons [19] . In this study, we used primary hippocampal neurons that were cultured for 12 days, as described by Sombati and Delorenzo [12] , to prepare the epileptic cell model.
The constant high-frequency discharges inside the neurons after 3-h treatments with Mg-free medium were recorded, and typical PDS waves were observed, which indicated that the experimental model was successfully prepared. We used traditional Chinese medicine (TCM)-cerebrospinal fluid pharmacological methods in this study. TCM was administered to experimental rabbits, and their cerebrospinal fluid was sampled for the related experiments. The results showed that the KX-containing cerebrospinal fluid reduced the discharge times of neurons in the hippocampal neuron epilepsy model and the tau Fig. 4 . Protein expressions of NR1, NR2A and NR2B, among which the Mg-free group exhibited the weakest expression, while the expressions of NR2A and NR2B in the MK801 group were the strongest, followed by the KX group (A, B) ; the protein gray values of NR1, NR2A and NR2B showed that the Mg-free group showed the lowest gray value, while those of NR2A and NR2B in the MK801 group were the highest, followed by the KX group (C-E). Fig. 5 . Valuation method of R min and R max (A); the Ca 2+ concentration in the Mg-free group was significantly higher than the normal group, which was always maintained at a relatively stable level, while that in the KX group was significantly lower than the Mg-free group, and exhibited a gradual decreasing trend (B). . This might be one of the mechanisms underlying its neuroprotective effects.
Among the NMDA receptor subunits, NRl is the functional NMDA receptor subunit, and NR2 and NR3 are regulatory subunits, which can bind with different regulatory subunits through the NR1 subunit and which result in NMDA receptors with different pharmacological and electrophysiological characteristics [20] . This study showed that 24 h after modeling, NR1 expression levels in hippocampal neurons of the Mg-free group were similar to those in the normal group, while the levels of expression of NR2A and NR2B were less than that of the normal group, which was consistent with many studies. In addition, the levels of expression of NR1 in the MK801 and KX groups did not differ with that in the Mg-free group, while the expression levels of NR2A and NR2B were greater than those in the Mg-free group; this indicated that these drugs increased the expression of NR2A and NR2B. Because the KX capsule was a nontargeted drug, the effects were weaker than those of MK801. These results suggested that the targets through which the KX capsule exerts its neuroprotective effects were not as singular and clear as those of MK801, and the targets were more extensive. This provided a new way of thinking for the researches of TCM, and also confirmed that Kangxian capsules acted on the epilepsy model via multiple targets, and it could significantly impact the discharge times and intracellular Ca 2+ concentration, significantly impact Tau while the effects were slightly weaker than MK801. TCM prescriptions have complex ingredients, so their mechanism researches have lots of difficulties, and it would be difficult to identify their act targets together with the difficulties in selecting animal models. Previous TCM serology and the TCM cerebrospinal fluid study in our research still have lots of work to do targeting the bioactive ingredients entering the cerebrospinal fluid. Therefore, our further studies would base on this study, and further identified its key targets and main bioactive ingredients, thus further confirming its neuroprotective mechanisms and acting targets. Therefore, an understanding of the roles of KX capsules on NMDA receptors and the related regulatory proteins require further indepth studies. The TCM complex has complicated components and the related research into the underlying mechanisms is complex. It is difficult to clearly determine the action targets. The next step based on the results of this study is to further clarify the key targets and the associated regulatory proteins that are involved in the neuroprotective mechanisms of KX capsules.
